The expression of genes involved in excitatory and inhibitory neurotransmission in turtle (Trachemys scripta) brain during anoxic submergence at 21 °C and 5 °C reveals the importance of cold as a preparatory cue for anoxia survival.
We investigated if transcriptional responses are consistent with the arrest of synaptic activity in the anoxic turtle (Trachemys scripta) brain. Thirty-nine genes of key receptors, transporters, enzymes and regulatory proteins of inhibitory and excitatory neurotransmission were partially cloned and their expression in telencephalon of 21 °C- and 5 °C-acclimated normoxic, anoxic (24 h at 21 °C; 1 and 14 days at 5 °C) and reoxygenated (24 h at 21 °C; 13 days at 5 °C) turtles quantified by real-time RT-PCR. Gene expression was largely sustained with anoxia at 21 °C and 5 °C. However, the changes in gene expression that did occur were congruous with the decline in glutamatergic activity and the increase in GABAergic activity observed at cellular and whole organism levels. Moreover, at 21 °C, the alterations in gene expression with anoxia induced a distinct gene expression pattern compared to normoxia and reoxygenation. Strikingly, acclimation from 21 °C to 5 °C in normoxia effectuated substantial transcriptional responses. Most prominently, 56% of the excitatory neurotransmission genes were down-regulated, including most of the ones encoding the subunits composing excitatory N-methyl-d-aspartate (NMDA) and 3-hydroxy-5-methyl-4-isoxazole propionate (AMPA) glutamate receptors. By contrast, only 26% of the inhibitory neurotransmission genes were down-regulated. Consequently, the gene expression pattern of 5 °C normoxic turtles was statistically distinct compared to that of 21 °C normoxic turtles. Overall, this study highlights that key transcriptional responses are consonant with the synaptic arrest that occurs in the anoxic turtle brain. In addition, the findings reveal that transcriptional remodelling induced by decreased temperature may serve to precondition the turtle brain for winter anoxia.